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^ A d • P ^ * Jl' M I S F E X Q F t (gP a j» 
CD flS ^ HIlip 6 • C(0aJii'Oy^«^^, 

^ - K D.ttaiaffi^^® »« r « *v a 
ft^^* J; ^ vc P N *v eu^ji ij . •t«>ffiltt 



c«?t(f5V?RSg<DratC(iM^-V5^^l^M I SFE 

FETQ»». Q,.,«:ON, MISFETQ*4ftO 
FFt UrmSBt«ttVo cSr ftl "T & • M I S F 

ICtt-t/V-enOFFkr^* - «fltS«*®»66<0 
ajJOflfl^H, *fc P ^/I'M I S F E T(04»'- 

s Sffi & V - AXtt K uw' vk:»«EUr«^bfc 

feP^-VJ^/l/MISFETQr.- »1'7-K»W 

Ll^:oro^cffi^^fcP^^*A'MI s fetq,.. 
?g 2 7 - K tt w L.i:©lffltSi-tfeP^v*>^M 

ItfcP-^-V^/^MI S FBTQ,,CD-tn-rniC» 
ttU-Cvifi. ^-^iJttDLlCtt. ISriEMlSFE 
TQ,.o«i«c* Y^a-y33i:<0^ffl^cP^Y^A' 
MISFETQri,««ffiltT*U, tf«(0»ii* 



SFETSW, fii|«EtaMISFETM^C^1^rKm 
:£«(fit£t Ji<0«{4a (15V) )6i^ftl*ctA^=tv^ 
Jl-^tCUTV^a/tefc. -feyi/^fltMlSFETI 
SOtt, 0»<?>ftf^-t. V c o JBlJiCD^a 

«( lni -5 c t ^ t^^^. 6» E > ^ V -fe /I/ & « fia f 
*J5.^y*MlSPETSW. ffi«S3fflMlSF 
ETM- t^l/^ttMlSFETlSOIt. P'We 

! 

a518flE«^@S]S6i:Wo 1 l«)ffiIicP^4;^/i' 
.MISFETQ,;i, Qr.&«V^T. «F«<OSji*. 
^ M I S F B T Qr 1 t O N , MISFETQr* 

&offu:ltJ Wo 1 liciattffi«^@?S6o 
ffljtj (-lov)! fe^jtora. w^ow^-asu^ 

Kt*. MlSF.ETQ..»A^OFF, MISFET 
Q,..)itONi;*r>-CWe 1 15:»«fi«ffiV8 «M 

<&^-#ttDL0MlSFETQ;,fi:ON. MI 

s FETQpl,tJOFF»c^•c^B^fltfE»^[a^6 

t 

C»ttU-Ct>5^-*JttDL-CW:. Ml S FET 
Qrt&OFP, MISFETQr*.feONfr* 

■ 1 

V^TtV^lD^^-^kDLt*. MISFETC.ScO 
FF, MISFETQ^i.SrONIcrS^i^t^A 

y, y ^ 3 - flr33rt 0 8» ic * o r X - 4* » D L 

-rno-r - 5* a b L t» . MlSFETQ,.,&OF' 
F. M I S F E T Qri. fe O N ^ U T , Y^a- 
y33rt<!9eil«ti|j:-3T5^-5«»DL&«3«iattV 

S F E TQ,.(iDftfctC- X ^ 3 - ^^34 t <0M ^C P ^ 

Y 4i ;uM I s fIe T Qr. **fflrt €i *vT i? y , 
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lCi-K*ftWL.V*m^C«t^Tt»* MISFE 
TQr.ftOFF, MiSFETQr.feONtUT 
X 5^ 3 - iSr34t^ <D ©aft Sail/THaSttattVocS: 
^tO-rs. ««©S»*£bU^»C, MISP 

ETQr.feOF F . M 1 S F E T Q>. ft O N K U 
■C X ^3 - 3r34rt cO(sI?aicJ:oTtaW«ffiVo o 
EUiD-r >Ctt, MISFETQ 

r.feOFF. MISFETQ,.€:ON*cL-CX-r 

fiSrSeMlS.FETQr,flD<i&^C, Pf^^4i;i/MrS 

F E T Qrt. A^ffi It e *t r u , 

MISFETQ,., &OFF, UlSFETQ 
,,,feONK:UT«««fi:VcofcBliBI-r*. f* 
«flOm5feK>JCt±,. V>rnCD»2 •7- KttWL.t* 
M I S F E T Qr, ft O N , MISFETQ.*. ft 
OFFJCLT. ?l5«flE»^EI«60dlA (-X0 

aMi s FET r sofiDy-xxttKv-rvictt. 

P-?-^*;i/MISFETQr»ti:. N-?'-*'J^n/M 

I SFETQ«,**i&)aci;i-^y^;a^»t8anT«? 

y, «fiifiD?3^^tCttMISFETQ,.t.fcON. 
MI SFETQ„,feOFFCU T W 18 fit V c o 
iZ-r-S. ff|;Bl(Oa^ffiU^m±. MISF 

E T Q«a SrON, MISFET », fe O F F 

.flt>STffi, ^iWB^CEEPROMC!>>•^iJ■feA^<;0 

mm, c t m 1 H CO R o m'«/* 3 s 

^ ^ - KD.OSliffiHoy - Y »C «it S 

t» (0 A 4 , 

-ttOWa 1 ltf!)a®fl5N*2|t»«:«t«llA2i, 
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V) frRlAQTS. «««)Ki^aiUff$lctt. MIS 
FETQ,,feOFF, MISFETQi-x.tON 
C U T X 3 - 4r34i^ 05 H »»»cAor^«mfflv 

S .F E T Q r» W (ft , X^ 3 - ^Z^hL O fffl iC P ^ 

+ 4^;i/m i s F E T Qp»»*^at^ enr^ y . -fff 

•r*VJC*;v^-Ct#. MISFETQr.feON. MI 
SFETQpi^tftOFFtCbT. «SEEft&®?ft 

ISFETQp.&OFF. MISFETQ^ilS: 
ONtcur. X-r 3 - 5r34p«5 tck o T^igst 

T**, MISFWTQ,,feOFF, MISFET 
Q^»»feON»CUT. Xr^3 - Jf34rt © ® IC J: 

i«iiActt. i9(uii^«iBi2o&{»£ u r ^ 

p-Wa I I fl!>^ffiON*^iS«E^*ftn A 2fet; 
P*i|Si»t^♦^<H^«13 36»^»H.^fcaI^>^cp•i^l»^^«4ft 

.i2j!)S^fiR u T ft y , c n »c«mffi?B^ 095 6 (^) m 

A«^3ft»eilg&CX*feT>fc'i - Ag2«22 A 

UTt^itf. P*i*ta5*<5t«13«: -e CO « iS 7 ^ - 

A«fcy/>s<u-cv^*. cm I*, u ^ ^ ^ o 
^tcjs^-rs^i' yr«t7w - /bKHftasiscotta 

20tt, « ?t tffiffi c V D »c * i ttUb V y 3 > ©<D 
±*cy>i/y'&--hxf9;^ (psG) ra^aJBu 
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r Wfifc u t» T * & . s?se»tt?i2i B tt. p-i|i 

ttrfeU, X CD ffftt?l21 B t ia U T A 
«J«11 A i: p* i|£ant:.m m3 e0 Sf -& ffl u: X - 

CO {fefflWtt ft is 7 H Jcja^^. JB6H<0I.tt^r^ 

1 5 V JEIT© t ft J&ffl^ic aSEivIK (tT.vi & . > 
tft-CmL, - i^««24 ft U v> t $ <0 U 

- i7 « a I • t - j^m armt-cv>s. y-i'^ 

aEI«»±. jt - i^fiS«24t L -C * c t tc 



5 0 A as ©a {bi^ 'J 3 89(17. «^tfai2«B 
<O^$6&i^0 :i>m^^^^»^- WmmiS (SB2 

ISFETISOlt, mm if 3 5 OAfi^<Dtt<t 

A*. i9i±y-h«eai5A, 15 B, iacD*n-r*v 

16. 17fc *r l^ * ;(lr?. 3>:«-r?rt:. 

<07?. fi^fS^ v^lgttSSIlS A . 15B. 17(c^%olS 

SFETSW, WfBEtSMlSFETM, 1r;i/4» 
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^^»C, yu-<i^i»'0>B*tCPNJit-^fCJlI-6«ffi 

vfc. PNa-a-t^snimiaitioraictt+a^x^ 

* < y . ir jt - K D , 7i* « & a -r C t jS: 

i 

i 

i 

dlLT**. fri|£i»«c®«ii B HI*. r;i/5-r> 

A©;fM&3i«T^r*ttDLA^S?«7L21Ct2lUT 

attu-cv^i-tffisisaaMisFETMit. 20 

■ i 

AtM I S F ETISO#««{(ia$ ivT'Vx 6 P* W a 1 
lt±, 5^^*-KD,*««lfiftSn-CV>Sp-Wol 

n r v% a p- w e i 1, ■twfftoDtajitbr jfc n 

Vi'^^VMI SFETfe«fiR-r*fe«>tf!>p-Wa 1 

! 

4i'-httllij«l0.: «>lit«flllffBC!>#«ai/'J 3 

tr ^^(^mmip . K -< t jfc &N*^3j(^ 
«l«ll E t -c^i/i u r A * . ^ y -fe yi/M, o 

i^>C*J;n>r Psia?«c®«14fe^SRLTv>*, n* 

Hkti^Xi^rjuk j^tRtf^ ^ tjt a ie»22c 

ft U 3 i/RlSA^atrj r V> « . <flJ«A, fl|«B, 

i 
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< Jfc & CO-C, ^ - K *C^Sia{fi[JW Ji<0»5 

m ia o fc t $ *c itt K -P^ V -f y > js -r i: 

iciSt«S3a?«3& < y - s u < «t & CO -c . 

t -c e * . 31 , > ^ y "fe 3& <b *: life <' r zi^ 
r * 4 • 

ETSW, W«S2tfitMISFETM. -fe^l/^UlM 
iSFETISt), VJ^^^ROMCDjt^'J-fe/l'M 

M. CO aaxa & Ktt a • 
ss8ia(c^r<t^^K:. ifttsicoj&ii«:ji»tt<bu 
^3ico-f5ri/tTiai*'At^i«tttas:K:AT9T«i«A. ^ 



T a . *tc. fli»i <o -< 3r i^nii * «k o r p ^ 

ffll«AC05^-<:*-:KD.C0P*fflJW13«t^fia«*tS 
ife B8 a27U 5 - V CO U X h Bl *^ ^ <t-^ 

3X10 *»ato»a^orfafi-e . M D 27 ft 56 U T p' 

weii(03iaBtc;«iti<j}?av (b) ftaiAor 

P*^»*«J«tl3'S:!»fia-r & . CCO^, ^;^i5^26ft 

i 

{ftitt^tCA-D-C^lgl (P*We 1 Ift-^tf) 

t 

^ tcp^it^il? «c0^t3<9<£ttfb «: 19 4& . 9c 
»cOtt<t:£^ U 3 ^^'8925^ ffi/b^ y 3 lift ^ 

i 



J;oT254gi±cD^®K:!rJlHa«*lsat'y3 
>'JBIfti&tflU, cinftuJ^AhS*^^t«-7^i? 

-h««i5A, iSB., 15C CO -t n-e *t ®;a-r « . 
fi^ sa^ ;^ ft I- y-K«ffii5A, isb, 

r*. ttKfc V u 3 >fl5ii9at^y - h*gaajt 

miBs ^ - h nmiBA , 16B. 15C;>» ^ «a L fe 
fiP«-ftff aSS-tt*. cot*. Itt^i/'J3VBI19 

ffiiSA, 158. i6C*Da® 1; 3 

A» ^ -r 4 . 
^ttc.ssiiHtcjjt-r^'itcttfiifoaaffo 

*ftfbi^';3>iai9. -y-SfltffilSA. ISB* IBC 

F E TM<^ 2 O AH^£Offi«>TI»Vi(H<fcS^ U 3 y 
Ml6ftfBjA-r*. 



CVDlcJ:o-Cifi«l J:© ^BH ic S f fc g 3 > K 

1 

y 3 >M18fti&^ U /ta. U ^7;^ h » (Si ^ s ^ 

Airftffit^fcxyJ^vifici-pT^'r^ttias/ »; 

3>S18ft/<*-, ^Vi^try - h«ffil8ftj&fift 

u , « T s<t 4^ 3 > fill? ft - -:/i^-r* 
it^R»£T5. 9^»c, y- hiBffiiaco^adft iiftitt 

i. 

It u rm^b V u 3 vwtaft^&fift-f * • c:©i:s* 

i6« 1 COaifffiCO-lFf- h«ffilSA, ISB, ihCSiX^ 

?l5k:. S3i3H»c5trA^ii. »«lJ:ic. P 
^^'^A'MI SFET&tfP?B^«*«J(«*^K»!r 

•7 ;t j?28ft JS^-r . IJck: . 1 oaffif ^ N 

:?:««&«iLl*AB fe-<*:^ftii**CJ:r>-Cl 0^' 
- 1 0 ^'ato.s/'olSaLa? A L r . ^rw-^-KD, 
®-®ft^-rN*i*£ai«:«a«llAfttfN9^>* ;i/M 
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«11B. nc, IID. HE, *©tta^bTV>«ft 

a, looo'caaEON, & » u x n* ^it 
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,r--;i/jc{±H,7--;nw*rs rwfa02oo!)i!jfi 

6 J&: * -5? X 30 rii Lr . Jtyf-V5^*C*orj» 
' raiffil20ft J:-y^>ir L. T »)tt?L21 A , 21 Q . 2Yc . 

2iDat/'t*ie»B55tsnfcJBi^wMi s f et <d 

*3JtEtt«C!>4i««:aaE©SSStH-Cl*, 9 0 0*0 

c r * -ctr & . 

- KD.fl!>»tta21Bat^VXi7ROM®««l<D 

fcy^ii - V«)U£^J(. hBI)&*&«;*'^X5'32«:Jf^ril 
fS.l?i:ic, Pffi:pjB«9«it«rf«nvfe30 0 k 
eV. 5 X 1 O^^atoms/cJ-eaiA UT* « A 
Kfiv^Ttti^;* - V'«««24fei^^L.. mi^cvzfe 



. » iSf > - i^^l*24il: . R OMC!)tff«l«># 

y ^> i^i:. J: o r - - V i'' l-'Tffitt22A , 22 
B, 22C, - «l D L A 0 igS 5 n r * * © 
(fi <D r ;i/ 5 - A S ^&^T a • l/i^XhK*^ 

<^m, 4 5 0 rsae <^> H. r - - fis-f . ikic, 

353Hfl!)J:^tC. «f|A.«'/^XvCVDCj:-aT 
P s GSSlcDJttcfitVts/ V 3 :/BS&«S Utr. «*| 
{&SI023&i&fST^ . 

65 32, ryi/ S - •> Aa3tt22A, 22 B , 22 C . 

;i/t?tt. 4r^pc-KD.{cjeflaufc!sr>-i^«jift2 

-7 X 5^ R O M © ffi « (5 « ii i!^ ft ^7 ^ -r ^ 



-5 iC, j»«?L21 B atlKK U , C C ^» S?«25i? 

featA Jg^-r * A ^ U T J: . -t n -6 ti 
fl5tttt7L21B«)THi^>-^^«<«24 36f«?©iiSlS*t2i. 

^I03a-Cfcr»-C**±v>. P'itiaS«:«fli«13fcN'i(i3l 

flE«n*iiA»*. -tn-enwe 1 1 CD a® ic u 
Ti&^LTAy. -enftioifflicpffliiiastae^nKji* 

€i * & >i - V«IJA24S: SJ?E^lfi^i:WCXa-e 
5f >i - J^tU ftfi24<;D iiCD fflJ^^ t ffl □ tt-f V X 
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V- « « . 
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1. Title of the Invention 

Method of manufacturing semiconductor integrated circuit 
device 

2 . Scope of Patent Claims 

1 . A method of manufacturing a semiconductor integrated 
circuit device, the method comprising steps of: 

having a diode with a PN junction; 

performing such high- temperature heat treatment at high 
temperature as to be cable of recovering a defect caused by ion 
implantation; and 

then forming the defect by the ion implantation in the PN 
junction of said diode. 

2. The method according to claim 1, wherein said high- 
temperature heat treatment is performed at about 900 to 1000 

3- The method according to claim 1, wherein said diode is 
used as a limiter for a voltage generating circuit. 

4. The method according to claim 1, wherein" a voltage 
generating circuit is a high voltage generating circuit of an 
EPROM or an EEPROM. 

5. The method according to claim 1, wherein said ion 
implantation is performed by forming an opening in said diode 
during a step of forming a connection hole in an interlayer 
insulation film. 

6. The method according to claim 1, wherein said diode is 
provided in a well region . 
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7 . The method according to claim 1 , wherein said ion 
implantation is performed in the same step as that of performing 
the ion implanting for writing information in a mask ROM. 

3 . Detailed Description of the Invention 
[Industrial Field of Utilization] 

The present invention relates to a method of 
manufacturing a semiconductor integrated circuit device and, 
in particular, to a method of manufacturing a semiconductor 
integrated circuit device having a diode composed of a PN 
junction. 
[Prior Art] 

Nonvolatile memories include an EPROM (Electrically 
Programmable ROM) and an EEPROM (Electrically Erasable and 
Programmable ROM) . Information is written to the EPROM. and 
EEPROM by, as it is known, applying a high voltage of about 15V 
between a gate electrode and a drain of an MISFET constituting 
a memory cell- In recent years, the high voltage is obtained 
by providing a high voltage generating circuit in a 
semiconductor chip. The high voltage generating circuit is 
constituted such that a plurality of MISFETs formed in a diode 
form by connecting a gate electrode to a drain are cascade 
connected, respectively and a capacitative element is connected 
to the gate electrode of each of the MISFETs. A clock signal 
(t> is applied to every other MISFETs via the capacitative 
element, and a clock signal bar (f) having a phase opposite to 
that of the above-described clock signal is applied to the other 
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MISFETs via the capacitative elements to alternately operate 
the MlSFETs, thereby generating a high voltage. At an output 
terminal of the high voltage generating circuit, the voltage 
is boosted up to a withstanding voltage of a junction between 
the source and drain of the MISFET and a substrate, for example, 
about 22.3V. Consequently, an PN junction diode (hereinbelow, 
simply called a diode) is provided at the output stage of the 
high voltage generating circuit to thereby obtain a 
predetermined voltage, for example, 12.5V or 15V necessary to 
write or erase inforrriation. . The diode is constituted such that 
a P"^ well region is formed in the surface of a P" well region 
and further" an N"" region is formed in the surface of the P^ region. 
[Problems that the Invention is to solve] 

Inventors of the present invention have conducted 
operation tests of both the high voltage generating circuit and 
the diode and found the following problems. 

Since the diode is provided at the output stage of the 
high voltage generating circuit, the voltage is. limited by the 
diode and a predetermined potential of 12.5V to 15V is supposed 
to be outputted. In practice, however, a voltage higher than 
the predetermined potential by a few volts is outputted. 
Consequently, when the writing or erasing of information 
to/from a memory cell is repeated, the gate insulating film of 
the MISFET which is the memory cell deteriorates very quickly. 

The inventors of the present invention consider the 
mechanism of generating a high potential higher than the 
predetermined potential as follows. 
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Since the concentration of carriers in the well region 
in which the diode is formed is very low, a high potential higher 
than the predetermined potential is applied to the junction of 
the diode and can not have a breakdown simultaneously. A phase 
difference therefore occurs between the voltage applied to the 
junction of the diode and a current flowing in the junction, 
and thereby oscillation occurs. This oscillation generates 
noise and this is added to the output voltage of the high voltage 
generating circuit. Consequently, as described above, a high 
potential higher than the predetermined potential is outputted. 

An object of the invention is to improve the reliability 
of a diode as a voltage limiter. 

The above and other objects and novel features of the 
present invention will be apparent from the description of the 
specification and accompanying drawings . 
[Means of solving the Problems] 

The summary of a representative aspect of the invention 
disclosed in the present application will be briefly described 
as follows. 

Specifically, a diode composed of a PN junction is 
provided and, after completion of a high- temperature heat 
treatment that recovers a defect fprmed by ion implantation, 
a defect is formed by ion implantation in the PN junction of 
the diode . 
[Operation] 

According to the above-mentioned means , a leakage current 
flowing in the diode increases and concentration of carriers 



in the well region becomes higher , so that a breakdown 
immediately occurs when a high potential higher than the 
predetermined potential is applied to the diode. Consequently, 
there is no phase .difference between a voltage applied to the 
junction and a current, and no oscillation occurs. Thus, the 
reliability of the diode as a limiter can be improved. In 
addition, a memory cell can be prevented from deteriorating. 
[Embodiment of. the Invention] 

An embodiment of the present invention will be described 
hereinbelow by using the drawings . 

Fig. 1 is a block diagram of a semiconductor integrated 
circuit device formed according to a manufacturing method of 
the embodiment of the present invention . 

In Fig. 1, reference numeral 1 denotes a chip which is 
composed of N" mono-crystalline silicon and which has a RAM 
(Random Access Memory ) 2, a ROM (Read Only Memory) 3, an EEPROM 
4, and a CPU (Central Processing Unit) 5. 

Fig. 2 shows an outline of the EEPROM circuit. 

In Fig. 2, reference numeral 6 denotes. a high voltage 
generating circuit provided for the semiconductor integrated 
circuit device of the present embodiment, which is constituted, 
as it is known, to connect a plurality of P-channel MISFETs Qp 
and a plurality of capacitative elements C thereto. The term, 
(t> , indicates a first clock signal and the term, bar <t> , 
represents a second clock signal having a phase opposite to that 
of the first clock signal. Both signals are applied to 
terminals of the capacitative elements C . When the high voltage 
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generating circuit is driven by the first clock signal (t> and 
the second clock signal bar 0 , a negative high voltage of about 
-lOV is obtained on an output side of the circuit, that is, a 
side to which a diode -D2 is connected. A side opposite to the 
above-mentioned output side is fixed to an earth potential Vss, 
for example, OV. 

The diode D2 is a limiter of a high voltage generated by 
the high voltage generating circuit . One end of the diode D2 
is fixed to a power supply potential Vcc, for example, 5V and 
the other end is connected to the output stage of the high voltage 
generating circuit 6. The diode D2 is formed by, as will be 
described hereinlater, a PN junction. When a predetermined 
potential, for example, a high voltage of 15V or higher is 
applied across the diode D2/ a breakdown occurs to thereby 
prevent a potential difference ( 15V) which is equal to or higher 
than the predetermined potential, from being applied to a switch 
MISFET SW of a memory cell and an information memory MISFET M. 
A potential difference equal to or higher than the power supply 
potential Vcc is not applied to a cell isolation MISFET ISO, 
from- the viewpoint of operation of the circuit . The switch 
MISFET SW, information memory MISFET M, and cell isolation 
MISFET ISO constituting the memory cell are formed in the P" 
well . 

The potentials applied to the well , a data line DL , a first 
word line WLi, a second word line WL2, and a third word line 
WL3 are shown in Table ( 1 ) at the end of the embodiment . 

P channel MISFETs Qpi and Qp2 are provided between the high 
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voltage generating circuit 6 and the well. At the time of 
writing, information, the MISFET Qpi is turned on, the MISFET 
Qp2 is turned off, and an output (-10V) of the high voltage 
generating circuit 6 is applied to the well. At the time of 
reading information, the MISFET Qpi is turned off and the MISFET 
Qp2 is turned on to make the well the earth potential Vss, for 
example, OV. On the other hand, between the well and the power 
supply potential Vcc , for example, 5V power supply, an N channel 
MISFET Qni and P channel MISFETs Qp3 and Qp4 are provided as shown 
in Fig. 2. At the time of erasing information, the MISFETs Qni 
and Qp3 are turned on, the MISFET Qp4 is turned off, and the power 
supply potential Vcc is applied. At the time of writing and 
reading information, the MISFETs Qni, Qp3 and Qp4 are turned off, 
respectively. The output terminal of the high voltage 
generating circuit 6 is also connected, via a resistive element 
R constituted by connecting the gate electrode of a P-channel 
MISFET to the source or drain, to: a P channel MISFET Qps provided 
between the output terminal and the data line DL; a P channel 
MISFET Qp6 provided between the output terminal and the first* 
word line WLi; a P channel MISFET Qp? provided between the output 
terminal and the second word line W^a; and a P channel MISFET 
Qp8 provided between the output terminal and the third word line 
La/ respectively . In addition to the MISFET Qp5 , a P channel 
MISFET Qpi3 is provided between the data line DL and an Y decoder 
33. At the time of writing information, the MISFET Qps in the 
data line DL connected to the memory cell to which information 
is written is turned on, the MISFET Qpi3 is turned off, and an 
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output (-10V) of the high voltage generating circuit 6 is 
applied. In the data line DL connected to a (writing 
prohibition) memory cell in which information is not written 
at the time of writing information, by turning off the MISFET 
Qp5 and turning on the MISFET Qpia. the power supply potential 
Vcc is applied by a circuit in the Y decoder 33. At the time 
of reading information, in any of the data lines DL , by turning 
off the MISFET, Qp5 and turning on the MISFET Qpia , the power supply 
potential Vcc is applied to the data line DL by the circuit in 
the Y decoder 33. At the time of erasing information, in any 
of the data lines DL, by turning off the MISFET Qps and turning 
on the MISFET Qpi3 , the power supply potential Vcc is applied 
to the data line DL by the circuit in the Y decoder 33. In 
addition to the MISFET Qpe/a P channel MISFET Qpg is provided 
between the first word line WLi and an X decoder 34. At the 
time of writing information, in each of the first word line WLi 
of a memory cell in which information is written and the first 
word line WLi of a memory cell with writing prohibition, the 
MISFET Qp6 is turned off, the MISFET Qpg is turned on, and the 
power supply potential Vcc is applied via the circuit in the 
X decoder 34. Moreover, at the time of reading information, 
the MISFET Qps is turned off, the MISFET Qpg is turned on, and 
the power supply potential Vcc is applied by the circuit in the 
X decoder 34 . At the time of the erasing information, the MISFET 
Qp6 is turned off, the -MISFET Qpg is turned on, and the power 
supply potential Vcc or the earth potential Vss is set by the 
circuit in the X decoder 34. In the second word line WL2, in 
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addition to the MISFET Qp7 , a P channel MISFET Qpio is provided. 
In each of the second word line WL2 connected to the memory cell 
in which information is written at the time of writing 
information and the second word line WL2 connected to a memory 
cell with writing prohibition, the MISFET Qp7 is turned off, 
the MISFET Qpio is turned on, and the power supply potential Vcc 
is applied. At the time of erasing information, in any of the 
second word lines WL2, the MISFETs Qp7 is turned on, the MISFET 
Qpio is turned off, and the output (-lOV) of the high voltage 
generating circuit 6 is applied. At the time of reading 
information, the MISFET Qpt is turned off, the MISFET Qpio is 
turned on, and the earth potential Vss is set by the circuit 
in the X decoder 34, In addition to the MISFET Qps, a P channel 
MISFET Qpii is provided between the third word line WL3 and the 
X decoder 34. At the time of writing information, in each of 
the third word line WL3 connected to a memory cell in which 
information is written and the third word line WL3 connected 
to a memory cell with writing prohibition, the MISFET Qps is 
turned on, the MISFET Qpn is turned off, and the output (-10V) 
of the high voltage generating circuit is applied. At the time 
of erasing information, in any of the .third word lines WL3 , the 
MISFET Qp8 is turned off, the MISFET Qpn is turned on, and the 
power supply potential Vcc or the earth potential Vss is applied 
by the circuit in the X decoder 34. At the time of reading, 
in each of. the third word lines WL3, the MISFWT Qps is turned 
off, the MISFET Qpn is turned on, and the power supply potential 
Vcc is set by the circuit in the X decoder 34. A switch formed 
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by a P channel MISFET Qpi2 and an N channel MISFET Qn2 is connected 
to the source orjdrain of the cell isolation MISFET ISO of the 
memory cell. At the time of erasing information, the MISFET 
Qpi2 is turned on, the MISFET Qn2 is turned off, and the earth 
potential Vcc is set. Also, at the time of reading information, 
the MISFET Qn2 is turned on, the MISFET Qpi2 is turned off, and 
the earth potential Vss is set. 

A cross section of the diode D2 in Fig. 2 is shown in a 
region A of Fig. 3, a cross section of the memory cell of the 
EEPROM is shown in a region B, and a cross section of a memory 
cell of a mask ROM provided in the ROM region 3 in Fig. 1 is 
shown in a region C. The cross section of the diode D2 in the 
region A is taken along the cut line Y-Y of the plane view of 
the diode D2 shown in Fig . 4 . 

The diode D2 is formed in a P" well so as to be isolated 
from the P' well in the regions B and C, and is constituted by 
an semiconductor region llA in a surface of the well and a 
P'^ semiconductor region 13 which is in contact with and formed 
under the semiconductor region llA. A portion containing 
the N"^ semiconductor region llA and the P^ semiconductor region 
13 is enlarged and shown in Fig. 5. In the semiconductor 
region llA, an interlayer insulation film 20 is removed to form 
a connection hole 21B therein. In the connection hole 21B, a 
wire 22B formed by an aluminum film is connected to the 
semiconductor region llA, so that the power supply potential 
Vcc is supplied to the semiconductor region llA through the 
connection hole .21B. On the other hand, a P"*^ semiconductor 
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region 12 is formed in a portion that is isolated from the 
semiconductor region llA and the P"" semiconductor region 13 in 
the surface of the P" well. An aluminum wire 22A extended from 
the output terminal of the high voltage generating circuit 6 
is connected via a connection hole 21A to the P* semiconductor 
region 12., Consequently, when the output of the high voltage 
generating circuit 6 becomes -lOV, a breakdown voltage thereof, 
for example, 15V is applied across the diode D2. The periphery 
of the semiconductor region 11 is defined by a field 
insulating film 8 . A periphery of the P^ semiconductor region 
13 is smaller than that of the N"" semiconductor region llA so 
as not to reach the field insulating film 8. This is because 
carriers generated at the time of a breakdown are prevented from 
jumping into the field insulating film 8. A phosphor- silicate 
glass (PSG) film is stacked on an oxide silicon film by, for 
example, low-pressure CVD to constitute the interlayer 
insulation film 20- The connection hole 21B is formed in a size 
that is. slightly smaller than the P^ semiconductor region 13. 
-By implanting ions through the connection hole 2 IB, as shown 
in Fig. 5, a damage region 24 is formed in the junction between 
the semiconductor region llA and the P^ semiconductor region 
13, 

Fig. 6 shows voltage-current characteristics of the diode 
D2- Fig. 7 shows a relationship between phase characteristics 
of the voltage V. and the current I at the time of a breakdown. 
Ir of Fig. 6 denotes a leakage current of the diode D 2 which is 
always flowing from the time when a voltage applied to the diode 
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D2 becomes a breakdown voltage, for example, 15V or lower. The 
leakage current Ir of the case where the damage region 24 is 
formed is shown by a solid line while the leakage current Ir 
of the case where the damage region 24 is not formed is shown 
by a single dot and dash line. The leakage current Ir in the 
case where the damage region 24 is formed becomes larger than 
that in the case where the damage region 24 is not formed. 
Consequently, when the number of carriers (positive holes) in 
the P" well increases and a breakdown voltage is applied across 
the diode D2, a breakdown immediately occurs. As shown in Fig; 
7 , there is consequently no phase difference between the voltage 
V applied to the PN junction at the time of the . breakdown and 
the current Ii flowing in the PN junction, and the diode D2 does 
not oscillate. Noises are not added to a high voltage created 
by the high voltage generating circuit 6, and thereby a 
predetermined high voltage of , for example, -lOV can be obtained. 
Ir shows a current flowing in the junction at the time of a 
breakdown when the damage region 24 is not formed, and shows 
that there is a deviation in time from the voltage V applied 
to the junction. 

The switch MISFET SW in the memory cell is constituted 
by, as shown in the region B in Fig. 3, a gate insulating film 
10 which is an oxide silicon film having a thickness of about 
350 A,' a gate electrode (first word line WL2) composed of, for 
example, a first poly-crystalline silicon film, and an N^ 
semiconductor region IIB serving as the source or drain of the 
memory cell. The data line DL formed by alximinum film is 
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connected to the N"^ semiconductor region IIB via a connection 
hole 21C. The information memory MISFET M is constituted by 
an extremely thin oxide silicon film 16 of about 20A, a silicon 
nitride film 17 having a thickness of about 350A, and a gate 
electrode 18 (second word line WL2) composed of, for example- 
a second poly-crystalline silicon film. The cell isolation 
MISFET ISO is composed of the gate insulating film 10 formed 
by an oxide silicon film having a thickness of about 350A, a 
gate electrode 15B (third word line WL3) which is formed by, 
for example, the first poly-crystalline silicon film, and an 
semiconductor region IIC serving as the* drain or source of 
the memory cell. Reference numeral 19 denotes an oxide silicon 
film formed by thermal oxidizing the surface of each of the gate 
electrodes 15A, 15B, and 18. 

As described above, the memory cell has the very thin 
insulating films 10, 16, and 17. In the present application, 
however, the output voltage of the high voltage generating 
circuit 6 is satisfactorily clamped at a predetermined voltage 
(for example, -lOV) by the diode D2,. deterioration can be 
prevented without applying a predetermined high potential, for 
example, a voltage of 15V or higher to the thin insulating films 
15A, 15B, and 17. The P" well which constitutes the switch 
MISFET SW, information memory MISFET M, and cell isolation 
MISFET ISO is isolated from the P' well which constitutes the 
diode D2, the P" well which constitutes the memory cell of the 
mask ROM be described hereinafter is formed, and the P" well 
for constituting another N channel MISFET not shown. 
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Each of memory cells Mi and M2 of the mask ROM in the region 
C is constituted by the gate insulating film 10 , a gate electrode 
15C which is. composed of, for example, the first poly- 
crystalline silicon film, an N"" semiconductor region IID serving 
as the source region, and an N"" semiconductor region HE serving 
as the drain region. For writing information, a P type 
semiconductor region 14 is formed by ion implantation in the 
channel region of the memory cell Mi. A wire 22C formed by an 
aluminum film as a data line is connected to an N"^ semiconductor 
region HE via a connection hole 21D. * The surface of the gate 
electrode 15C is covered with a thermal oxide silicon film 19. 
All of the regions A, B, and C, that is, the entire region on 
the substrate 1 is. covered with a final protective film 23 
constituted by forming a PSG film by, for example, plasma CVD 
and stacking a silicon nitride film. 

As described above, the leakage current flowing in the 
diode increases and the concentration of carriers in the well 
region becomes highier. Consequently, when a high potential 
which is equal to or higher than a predetermined potential is 
applied to the diode, a breakdown immediately occurs. There 
becomes no phase difference between the voltage applied to the 
Junction and the current, and thereby no oscillation occurs. 
Thus, the reliability of the diode as a limiter can be improved, 
and the memory cell can be prevented from deteriorating. 

A process of manufacturing the diode D2, switch MISFET 
SW, information memory MISFET M, cell isolation MISFET ISO, and 
the memory cells Mi and M2 in the mask ROM will now be described. 
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Figs. 8 to 17 are cross sections of the regions A, B, and 
C in the manufacturing process. 

As shown in Fig. 8, an oxide silicon film 25 is formed 
as an underlayer by thermal oxidizing a surface of the substrate 
1. A silicon nitride film 40 is formed on the oxide silicon 
film 2 5 . Thereafter, the P' well is formed in each of the regions 
A, B, and C so as to be isolated from each other by known ion 

implantation and thermal diffusion- Subsequently, 

/ 

implantation of P-type impurities, for example, boron for 
forming a P channel stopper 9 is performed in a predetermined 
region by known ion implantation . A mask 26 composed of a resist 
film of a pattern having an opening 27 in a portion where the 
P^ region 13 of the diode D2 in the region A is created is formed. 
For example, boron (B) is introduced to the surface of the P" 
well via the opening 27 at about 125 KeV and 1 to 3 x 10^^ atoms /cm^, 
thereby forming the P^ semiconductor region 13. Thereafter, 
the mask 26 is removed. 

As shown in Fig. 9, the P channel stopper 9 and the field 
insulating film 8 are formed by locally oxidizing the surface 
of the substrate 1 (including the P" well) by thermal oxidization 
of about 1000 °C. At the time of the local thermal oxidization, 
activation of the P^ semiconductor region 13 is attempted. The 
oxide silicon film 25 and the silicon nitride film 40 in Fig. 
8 are removed, and then the surface exposed from the field 
insulating film 8 of the substrate 1 is thermal oxidized to 
thereby form the gate insulating film 10 . 

As shown in Fig. 10, the first poly-crystalline silicon 
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film is formed on the entire face of the substrate 1 by, for 
example , CVD and is patterned by etching using a mask which is 
composed of a resist film, thereby forming the gate electrodes 
ISA, 15B, and 15C. After the mask is removed, the surface of 
each of the gate electrodes 15A, 15B, and 15C is thermal oxidized, 
thereby forming the oxide silicon film 19. Subsequently, the 
oxide silicon film 19 and the gate insulating film 10 are etched 
to expose portions exposed from the oxide silicon film 19 and 
the gate electrodes 15A, 15B, and 15C of the surface of the 
substrate 1. At this time, since the oxide silicon film 19 is 
thicker than the gate insulating film 10, the oxide silicon film 
19 remains on the surfaces of the gate electrodes ISA, 15B, and 
ISC. 

As shown in Fig. 11, the portions exposed from the oxide 
silicon film 19 and the gate electrodes ISA, ISB, and 15C, of 
the surface of the substrate 1 are thermal oxidized, thereby 
forming the extremely thin oxide silicon film 16 of about 20A 
of the information memory MISFET M. 

As shown in Fig. 12, the silicon nitride film 17 is formed 
on the entire surface of the substrate 1 by, for example, plasma 
CVD. Further, the second poly-crystalline silicon film 18 is 
formed on the silicon nitride film 17. Thereafter, the 
poly-crystalline silicon film 18 is patterned by etching using 
the mask composed of the resist film to form the gate electrode 
18. Subsequently, the silicon nitride film 17 is patterned. 
The mask composed of the resist film is removed after being 
etched. The surface of the gate electrode 18 is then thermal 
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oxidized, thereby forming the oxide silicon film 19. At this 
time, the portions exposed from the gate electrodes 15A, 15B, 
and 15C and the oxide silicon film 19, of the surface of the. 
substrate 1 are oxidized, and the gate insulating film 10 
thicker than the thin, oxide silicon film 16 is obtained. 

As shown in Fig. 13, a mask 28 composed of a resist film 
of a pattern covering regions in which the P channel MISFET and 
the P-type semiconductor region are provided is formed on the 
substrate 1. By ion implantation to the surface of the 
substrate 1, for example. As to introduce ions of about 10^^ 
to 10^® atoms/cm^, the N'" semiconductor region llA as a part of 
the diode D2, the semiconductor regions IIB, IIC, IID, and 
HE as sources and drains of N channel MISFETs, and sources and 
drains of other N channel MISFETs not shown are formed. After 
the mask 28 is removed, by performing N2 annealing at about 1000 
°C, activation of the sources and drains of the N+ semiconductor 
regions llA, IIB, IIC, IID, and HE , and other N channel MISFETs 
not shown. is attempted. 

As shown in Fig. 14, a mask 29 composed of a resist film 
covering the N"^ semiconductor regions llA, IIB,. IIC, IID, and 
HE, and the N channel MISFET are formed on the substrate 1^ 
By ion implantation to introduce P type impurities , for example, 
boron of about lO"'^^ to 10^® atoms/cm^ to the surface of the 
substrate 1, the P^ semiconductor region 12 as a lead region 
of the diode D2 and the source and drain of a P channel MISFET 
(not shown) are formed. Thereafter, the mask 29 is removed. 

Subsequently, as shown in Fig. 15, an oxide silicon film 
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is formed on the substrate 1 by, for example, low-pressure CVD, 
and a PSG f ilm. is stacked on the oxide silicon film, thereby 
forming the interlayer insulation film 20. Thereafter, by N2 
annealing or H2 annealing of about 900 to 950 °C, the interlayer 
insulation film 20 is hardened. Subsequently, a mask 30 
composed of a resist film is formed on the interlayer insulation 
film 20 and the interlayer insulation film 20 is etched, thereby 
forming the connection holes 21A, 21B, 21C, and 21D and 
connection holes of other MISFETs not shown. Thereafter, the 
mask 30 is removed. 

In the semiconductor integrated circuit device of the 
embodiment, the annealing of high temperature of 900 °C to 1000 
°C is performed up to here. 

Next, as shown in Fig. 17, a connection hole 21B is formed 
at the diode D'2 in the region A, and a mask 32 is formed composed 
of a resist film having an opening in a portion of the memory 
cell Ml in which information of a mask ROM is written. By 
introducing P-type impurities, for example, boron at 300 keV 
and 5 x 10^^ atoms/cm^, a damage region 24 is formed in the region 
A, and the P type semiconductor region 14 is formed in the channel 
region of the memory cell Mi in the region C. In such a manner, 
the damage region 24 of the diode D2 can be formed in the same 
process of writing information to the mask ROM. 

As shown in Fig. 18, an aluminum film is formed on the 
entire face of the substrate 1 by, for example, sputtering and 
is patterned by etching using a mask composed of a resist film, 
thereby forming the wires 22A, 2 2B, and 2 2C, the data line DL , 
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and other aluminum wires not shown. The mask comprising the 
resist film is removed after the patterning. Thereafter, H2 
annealing of about 450 °C is performed. As shown in Fig. 3, 
a silicon nitride film is stacked on the PSG film by, for example, 
plasma CVD, thereby forming the final protective film 23. 

As described above, after the aluminum wires 22A, 22B, 
and 22c and the data line DL, are formed, since the defect of 
the damage region 24 formed in the diode D2 is not recovered 
by means of the annealing of about 450 °C, the characteristics 
of the diode D2 can be improved. 

And, by performing the ion implantation both for writing 
information to the mask ROM and for forming the damage region 
2 4 in the diode D2, the manufacturing process can be shortened. 

As shown in Fig. 18 and Fig. 19 which is a cross section 
taken along the cut line X-X of Fig. 18, the damage region 24 
may be formed by opening a plurality of connection holes 2 IB 
and by introducing boron by means of ion implantation in the 
same process as that of the foregoing embodiment. The damage 
region 24 is formed under each of the connection holes 2 IB. Note 
that Fig. 18 does not show the final protective film 23. 

As shown in Fig. 20 and Fig. 21 which is a cross section 
taken along the cut line X-X of Fig. 20, the diode D2 may be 
of such a surface type that a current flows in the lateral 
direction through the surface of the well. The P"*^ semiconductor 
region 13 and the N* semiconductor region llA are formed so as 
to be isolated from each other in the surface of the well. The 
damage region 24 composed of a P type semiconductor region is 
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formed between the regions 13 and llA by the same process as 
that in the foregoing embodiment. In this case, however, 
without opening the upper part of the damage region 24 in the 
interlayer insulation film 20, the damage region 24 is formed 
in the same process as that of writing information to the mask 
ROM. The damage region 24 is formed so as to be overlapped with 
the semiconductor region 13 and the semiconductor region 
llA. Note that the final protective film 23 is not shown . 

As described above, the invention has beien specifically 
described on the basis of the embodiment , It goes without 
saying that the invention is not limited to the embodiment but 
can be variously changed without departing from the scope of 
the invention. 

For instance, the diode which is a limiter of the high 
voltage generating circuit of the EPROM can be changed or 
modified too. 



Table (1) 
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write- 
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Erasing 


reading 


Well 


-10 


• -10 
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WLi 
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5 or 0 
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WL2 
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-10 
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WL3 


-10 


-10 


5 or 0 
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DL 


-10 
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GND 


arbitrary 


arbitrary 


5 


0 



unit: voltage [V] 

The following is blank. 
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[Effects of the Invention] 

Effects obtained by the representative aspect of the 
invention disclosed in the present application will be briefly 
described as follows. 

In a diode having a PN junction, after completion of such 
heat treatment at high temperature as to be capable of a 
recovering a defect caused by ion implantation, the defect is 
formed by ion implantation to the PN junction, and thereby a 
leakage current flowing in the diode is increased and the 
concentration of carriers is increased in a w.ell region in which 
the diode is formed. Consequently, immediately after a 
potential higher than a predetermined potential is applied to 
the diode, a breakdown can be caused. Thus, the reliability 
of the diode can be increased. Further, deterioration in the 
memory cell to which the voltage of the high voltage generating 
circuit is applied can be prevented. 

4 . Brief Description of the Drawings 

Fig. 1 is a block diagram showing a semiconductor chip. 

Fig. 2 is a schematic diagram showing a circuit of an 
EEPROM. 

Fig. 3 is a cross section showing each of a diode, a memory 
cell of the EEPROM, and a memory cell of a mask ROM. 

Fig. 4 is a, plane view showing the diode. 

Fig. 5 is a cross section showing an enlarged PN junction 
portion of the diode . 
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Fig. 6 is a graph showing electricity-current 
characteristic of _ the diode. 

Fig. 7 is a graph showing the phase characteristics of 
a voltage and a current at the time of a breakdown of the diode. 

Figs. 8 to 17. are cross sections showing each of the diode, 
the memory cell of the EEPROM, and the memory cell of the mask 
ROM in manufacturing processes. 

Fig. 18 is a plane view showing a modification of the 

diode . 

Fig. 19 is a cross section taken along the cut line X-X 
of Fig, 18 - 

Fig. 20 is a plane view showing a surface type diode. 
Fig. 21 is a cross section showing the diode taken along 
the cut line X-X of Fig. 20. 

In the drawings: 
1 *•• substrate. 
Well "* P'- well, 

6 '"high voltage generating circuit, 

D2 **• diode, 

SW switch MISFET, 

M information memory MISFET, 

ISO ••■ cell isolation MISFET, 

10 *•* gate insulating film, 

llA, IIB, lie, IID, and HE N"*" semiconductor region, 
12, 13, and 14 semiconductor region, 

15A, 15B, 15C, and 18 gate electrode. 
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(1 



16 extremely thin oxide silicon film, 

17 •** silicon nitride film, 

20 "* interlayer insulation film (PSG/SiOa), 
21A, 2 IB, 21C, and 2 ID connection hole, 
22A, 22B, and 22C alximinum wire, 

24 damage region. 
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Fig, 6 

voltage -current characteristics of diode D2 
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phase characteristics of 
voltage and current of diode D2 
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Fig. 12 

region A region B region C 




Fig. 13 

region A region B region C 
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Fig. 15 

region A region B region C 
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Fig. 17 

region A region B region C 
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